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INTRODUCTION AND OBJECTIVES
Results of silage feeding trials conducted throughout the United States
continue to support the old adage that "corn is king of the silages." Most
corn production research, however, has been directed toward the develop-
ment of production practices that maximize grain yield. The assumption
has been that these same practices will also maximize silage yield and
feeding value. Obviously, grain yield is extremely important since the
grain component is the principal source of digestible energy in corn
silage. However, since the entire plant is usually ensiled, the high-fiber
plant components (leaves, stems, husks, and cobs) should make additional
contributions relative to the total feeding value of the crop. The question
arises as to what effects some of the important production practices, such
as the rate of applied nitrogen, number of plants per acre, and hybrid
used, have on the development and/or nutritive value of the plant com-
ponents.
In order to answer some of these questions an experiment was initiated
in 1970 at the Southeast Louisiana Dairy and Pasture Experiment Sta-
tion, Franklinton, La., to study the effects of varying nitrogen rates
and plant populations on the yield and nutritive value of three selected
corn hybrids and their components. The experiment was conducted three
continuous years under field conditions.
REVIEW OF LITERATURE
Cummins (if reported maximum green and dry forage yields
were produced with 150 pounds of applied nitrogen per acre with ade-
quate phosphorus and potassium. Nitrogen fertilization increased ear per-
centage and decreased stem percentage but did not affect leaf percentage
of corn. Digestible dry matter percentage of the whole corn plant was
increased by the application of 50 pounds of nitrogen per acre over zero
nitrogen. However, there was no increase in the digestibility when nitro-
gen rates were increased above 50 pounds per acre.
^Associate Professor, former Professor, Associate Professor, and Research Associate,
respectively. Southeast Louisiana Dairy and Pasture Experiment Station, Franklinton,
Louisiana.
^Italic numbers in parentheses refer to list of References, page 24.
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Boswell et al. (2) found that ear weight decreased with increasing
population and increased with irrigation. Factors which acted to
reduce ear weight usually also acted to increase ear count. Therefore,
the effect of ear size on yield was usually more
than offset as far
as grain was concerned. The shelling percentage of corn was not
affected by nitrogen supply or plant population. Withm a given plant
population, grain protein content increased as the amount of applied
nitrogen increased. Grain protein decreased as yield increased.
Litde increase in grain yield was obtained by using 120 or
240
pounds of nitrogen per acre as compared with 60 pounds. The
Three populations— 10,000, 15,000, and 20,000 plants per acre—
did
not vary greatly in their influence on yields.
Data reported by Kroth et al. (7, 8)
indicated that, generally
.rain yield of corn peaked with 150 pounds of
applied nitrogen at
plant densities ranging from 13,000 to 15,000
plants per acre.
These findings were over two years at four locations.
Horrocks et al. (6) in their work on shelling
percentage of corn
reported that shelling percentage varied
significantly with location
and with years. Delayed planting date resulted
in lowering the
shelling percentage. Hybrids differed significantly
in shelling per-
cental r^egardless of whether a single-cross,
double-cross, or an
inbred line was involved. Shelling percentage
increased with in-
creased levels of nitrogen through 240 pounds per acre, and
with increased
plant populations through 24,000 plants per acre.
EXPERIMENTAL PROCEDURE
The experimental design utilized in this study was a randomized
complete block in a 3 x 4 x 3 factorial arrangement with three replica-
tions Three rates of applied nitrogen (100, 200, and 300 pounds per
acre), four population levels (15,000, 20,000, 25,000, and 30,000 plants per
acre), and three hybrids (Pioneer brand 3009, Coker 71, and Funk
G-4949) were used in all possible combinations.
The experiment wa^ conducted on a Providence silt loam soil with
a 3 to 5 percent slope. Prior cropping history of the experimental site
included the growing of annual grasses for grazing in the winter seasons
and the production of corn or sorghum for silage during the summer
seasons. An analysis of soil from the site prior to initiation of the study
showed the following:
Depth P I^____C^___M^___^H
Inches Parts per million %
0-4 108 75 575 47 5.5 2.02
4-8 59 55 540 51 5.3 1.52
A broadcast application of two tons of dolomitic limestone per
acre was plowed in during March of 1970. Phosphorus (P2O5)
and
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potassium (K2O) were applied annually at the rate of 200 and 300
pounds per acre, respectively. Ammonium nitrate, triple superphosphate,
and muriate of potash were the sources of N, P, and K. Zinc sulfate was
applied uniformly at the rate of 10 pounds per acre in 1972 only.
The nitrogen, phosphorus, and potassium were applied broadcast
and disced in each year prior to planting. Plantings were made on a
flat bed on 36-inch centers. Three seed were hand dropped in the
drill at intervals necessary to provide the four plant populations. The
stands were thinned to one plant per hill during the seedling stage.
Two pounds of Aatrex SOW (atrazine) per acre were applied pre-emerge
for weed control. The crop was cultivated twice each season to establish
some ridging to reduce sheet erosion. The hybrids were recommended
full-season, four-way crosses. Planting dates were April 28, 1970, April 7,
1971, and April 12, 1972. Irrigations numbered three, five, and three for
1970, 1971, and 1972, respectively. Approximately one acre-inch of water
was applied at each irrigation. The harvest dates were July 28, 1970,
July 26, 1971, and July 24, 1972.
The center row of three-row plots was hand harvested to a stubble
height of one foot when the grain reached the hard-dent stage of ma-
turity to determine total forage yields. Ten stalks were taken from each
replication of each treatment combination to determine (1) the percent-
ages of plant components on both a green- and a dry-weight basis, (2)
percent dry matter of the entire plant and the components, and (3)
quality measurements of the plant components. Two stalks were likewise
taken for quality determinations of the entire plant. All samples were
dried in an electrically heated, forced air, thermostatically controlled
drier in which the temperature did not exceed 131° F. Samples for
quahty determinations were ground in a Wiley mill with a 1-mm screen
and stored in plastic bottles until analyzed.
Crude protein determinations were made following A.O.A.C. pro-
cedures (7). Cell wall constituents (CWC) and acid detergent fiber (ADF)
were determined by the Van Soest procedure (5). The Van Soest procedure
for in vitro digestible dry matter (DDM) assay was modified by supply-
ing 0.05 percent glucose and 0.25 percent urea to the buffer solution in
each fermentation tube. Analyses of variance, Duncan's Multiple Range
Tests, coefficients of variation, and correlations were calculated for the
variables under investigation according to Snedecor (10).
RESULTS AND DISCUSSION
I. Agronomic Measurements
A. Entire Corn Plant
Data involving yield and dry matter content on the entire corn plant
basis, and shelling percentage are reported in Tables 1-5. The entire corn
plant refers to all of the plant that was harvested. Shelling percentage was
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determined by dividing the total dry weight of the grain and cob into
the dry weight of the grain. Data for two years combined, 1971 and 1972,
are reported in Tables 1, 2, 3, and 5. Data for 1970 are reported in
Table 4.
1 . Nitrogen Effects on Yield
There was a significant increase in the yield of green and dry forage
and in yield of the grain at the 200-pound rate of nitrogen over the
100-
pound rate (Table 1). The increases in forage yields were 2,792 pounds
on a green basis and 1,299 pounds on a dry basis per acre. Grain produc-
tion was increased by 480 pounds per acre. Increasing the nitrogen rate
from 200 to 300 pounds per acre did not further increase forage or grain
yields as an average over all populations and hybrids. Dry matter content
of the entire plant and the shelling percentage of the ear were not
af-
fected by nitrogen rates. Year x nitrogen interaction was not significant,
indicating that yield response to nitrogen rates was similar between the
1971 and 1972 seasons.
Table 1.—Efifect of rates of nitrogen as an average over 15,000, 20,000,
25,000, and 30,000 plants per acre and three corn hybrids on forage
and
grain yields for silage, 1971-72
Nitrogen rate
300 lbs/a
Coef. of var.
Forage yields
(lbs/a) Dry
grain
Green Dry Qbsl^)
lOO'bs/a 39.873 a B.328 a
4.628 a
200 lbs/a 42.665 b 4.627
b 5.108 b
42.642 b 14.447 b 5,Wit>
I07b 14^3 '9-4
Values followed by the same letters in columns are not significantly
different at P < .05.
2. Plant Population Effects on Yield
Green and dry forage yields increased significantly
as the plant
population was increased from 15,000 to 20,000 plants
per acre, as an
average over nitrogen rates and hybrids (Table 2). The increases
were
2 427 pounds of green forage and 1,175 pounds of
dry forage per acre.
There was no significant effect on either green or
dry forage yield as a
result of increasing the plant population beyond 20,000
plants per acre.
A significant year x population interaction indicates that the
green and
dry forage yield responses to population were
affected differently be-
tween the 1971 and 1972 seasons. This finding has been
reported by other
researchers (4 6 /)•
Grain yield ^ was significantly higher at the 20,000-plant
population
over the 15,000-plant population. However, grain
yield differences be-
tween the 20,000-, 25,000-, and 30,000-plant
populations were not
significant.
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Percent dry matter of the entire plant and shelling percentage were
not significantly affected by plant population.
Table 2^E£Fect of plant population as an average over 100, 200, and 300
pounds of nitrogen per acre and three com hybrids on forage yields
for silage, 1971-72
Forage yields
(lbs/a)
Population Green Dry
15,000/a 39,607 a 13,270 a
20,000/a 42,034 b 14,445 b
25,000/a 42,294 b 14,212 b
30,000/a 42,972 b 14,609 b
Coef. of var. 10.5 14.3
Values followed by the same letter in columns are not significantly different at P < .05.
3. Nitrogen x Population Interaction on Green Forage Yield
Nitrogen X population interaction was significant, indicating that
green forage yield response to populations differed within nitrogen rates.
Yields at all rates of nitrogen and all plant populations averaged over
the three hybrids are shown in Table 3. At the 100-pound nitrogen
rate, yield was significantly lower at the 15,000-plant population com-
pared with the other plant populations. At the 200-pound nitrogen rate,
the 25,000-plant population yield was significantly higher than yields of
both the 15,000- and 30,000-plant populations. When the nitrogen rate
was increased to 300 pounds per acre, yield of the 30,000-plant popu-
lation was significantly higher than that of the other three populations.
Within the 15,000-plant population, yield was significantly higher at
the 200-pound per acre nitrogen rate over the 100-pound rate. There was
no difference in yields between the 200- and 300-pound nitrogen rates.
There were no differences in yields between all three nitrogen rates
at the 20,000-plant population. With 25,000 plants per acre, yield was
Table 3.—Effect of rate of nitrogen and plant population as an average
over three com hybrids on pounds green forage per acre for silage,
1971-72
Population
Pounds nitrogen per acre
Average100 200 300
15,000/a 37,239 ai 40,940 a2 40,64 la2 39,607 a
20,000/a 40,864 b^ 43,104 abi 42,136 ai 42,034 b
25,000/a 40,783 bi 44,878 b2 4 1,220 ai 42,294 b
30,000/a 40,608 bi 41,737 ai 46,572 b2 42,972 b
Average 39,8731 42,6652 42,6462
Values followed by the same letter in columns are not significantly different at P < .05.
Values with same numeral superscript in lines are not significantly different at P < .05.
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significantly higher at the 200-pound nitrogen rate over yields at the
100-pound and 300-pound rates. The yield of the 30,000-plant popula-
tion was significantly higher at the 300-pound nitrogen rate over the 100-
and 200-pound rates. These data indicate that, generally, as plant
populations were increased from 15,000 to 30,000 plants per acre, a
n^ed existed for increased amounts of nitrogen to support increased green
forage yields. As seen in the averages, yields peaked significantly at
the 200-pound rate of nitrogen and at the 20,000-plant population.
4. Hybrid Effects on Yield and Dry Matter Content
Southern corn leaf blight {Helminthosponum maydis, race T) oc-
curred in epidemic proportions in 1970. Data for the 1970 season are
reported in Table 4 separately from the data of the 1971-72 seasons.
The 1970 data were analyzed statistically and reported separately for
two reasons: (1) The large differences in the response to treatments
between the 1970 season and the 1971-72 seasons; (2) the elimination of
susceptibility of corn to the causal organism beginning in 1971 by sub-
stituting Texas sterile cytoplasm for normal cytoplasm.
The yield of Coker 71 apparently was affected to a greater extent
by the southern corn leaf blight in 1970 than were yields from Pioneer
3009 and Funk G-4949. This is substantiated by Coker 71 having a
higher disease rating. The forage and grain yields of Pioneer 3009
and Funk G-4949 w^ere not significantly different, but their yields were
significantly higher than the yield of Coker 71. The detrimental effects
of the blight on the leaves and husks apparently lowered grain yields.
Both forage and grain yields were much lower in 1970 than in 1971-72
(Tables 4 and 5).
Percentage of dry matter among the three hybrids was not significantly
different in 1970; however, the hybrids did differ in percentage of dry
matter as an average of the two years 1971-72. The lack of a difference
in 1970 probably was due in part to the more rapid loss of water
Table 4.—Forage yields, percent dry matter, grain yield, and disease
ratine of three corn hybrids for silage averaged over 100, 200, and 300
pounds of nitrogen per acre and 15,000, 20,000, 25,000, and 30,000
Forage yie
(lbs/a)
Ids %
Dry Grain
(lbs/a)
Disease
rating*
Hybrid Green Dry matter
Pioneer 3009
Coker 7 1
Funk G-4949
30,665 b
21.333 a
30,672 b
10,443 b
7,390 a
10.328 b
34.1 a
34.6 a
33.7 a
3.400 b
2.016 a
3.061 b
7.4 a
9.6 b
7.7 a
Coef. of \ ar. 13.8 16.5 10.9
27.0 11.8
Hclminthosporium imiydis, rate T. 0—no disease symptoms; 5—leaves of upper half
the plant affected; 10—entire plant affected. o ^ nr;
X'alues followed by the same letter in columns are not significantly different
at I' .Ui?.
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from plant tissue resulting from necrosis associated with blight develop-
ment. This abnormal reduction in moisture content evidently obscured
the inherent differential in drying rate among the hybrids during this
period of maturation. Also, wet, cloudy weather during the harvesting
period in 1970 probably kept the necrotic tissue saturated with free
moisture and lowered the dry matter content in all three hybrids.
Yields, dry matter contents, and shelling percentages are reported
in Table 5. The adverse effects of southern corn leaf blight were not
evident in 1971-72. There were no significant differences in the mean
green forage yields of the hybrids tested. Funk G-4949, however, was
significantly more productive in forage on a dry matter basis than was
Pioneer 3009 or Coker 71. This was accounted for, in part, by significant
differences in percentage of dry matter among the hybrids, although all
hybrids were harvested at the same apparent stage of maturity. Funk
G-4949 was higher in dry matter content by 5.4 percent than was
Pioneer 3009. The dry matter contents of these hybrids were within the
range considered desirable for good ensilage processes.
Funk G-4949 produced 2,221 more pounds of dry forage per acre
than did Pioneer 3009, and 1,720 pounds more than did Coker 71. The
dry forage yields of Pioneer 3009 and Coker 71 were not statistically
different. Funk G-4949 produced 962 more pounds of grain than Pioneer
3009 and 711 pounds more than Coker 71. Funk G-4949 ranked highest
and Pioneer 3009 ranked lowest in grain yield and shelling percentage.
Coker 71 was intermediate in respect to these two measurements. All
three hybrids responded similarly to nitrogen rates and plant populations
in regard to yields of forage and grain and to the dry matter content of
the entire plant.
Table 5.—Forage yields, percentage dry matter, grain yields, and shelling
percentages of three corn hybrids for silage as an average over 100,
200, and 300 pounds of nitrogen per acre and 15,000, 20,000, 25,000,
and 30,000 plants per acre, 1971-72
Hybrid
Forage yields
(lbs/a)
Green Dry
%
Dry
matter
Dry
grain
(lbs/a)
Shelling
percentage
Pioneer 3009 42,440 a 13,293 a 31.5a 4,518 a 74.8 a
Coker 7 1 41,062 a 13,694 a 33.6 b 4,769 a 78.1 b
Funk G-4949 41,678 a 15,414 b 36.9 c 5,480 b 80.6 c
Coef. of var. 10.5 14.3 11.1 19.4 10.4
Values followed by the same letter in columns are not significantly different at P<.05.
B. Plant Components
Tables 6 and 7 show the percentages of plant components on a
green and a dry basis in the corn for silage, and the dry matter content
of each component.
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1 . Nitrogen Effects on Plant Components
Nitrogen rates, as an average over populations and hybrids, had no
effect on percentage of leaves on a green or dry basis (Table 6) or on
the dry matter content of leaves (Table 7). The percentage of green stems
was significantly higher at the 200-pound rate of nitrogen over the
100-
pound rate. The numerical difference between the highest and lowest
percentages of green stems due to nitrogen effects was only 0.8 percent.
Nitrogen rates did not alter percentage of stems on a dry basis
or the
dry matter content of the stems. The percentage of green husks was
significantly higher at the 300-pound rate of nitrogen over the 100-pound
rate. Percentage of dry husks was significantly higher at the
300-pound
rate over the two lower rates. Nitrogen rates did not affect the
percent
dry matter of husks.
The percentage of ears on a green basis was not affected by changes
in nitrogen rate, but the dry matter content of ears was
significantly
higher at the 200-pound rate of nitrogen over the 100-pound rate.
The
percentages of cobs and grain on a dry basis was not affected by nitrogen
rates There was a significant year effect on all components except
husks
on a dry basis and ears on a green basis. These data indicate that although
increased nitrogen rates from 100 to 200 pounds per acre mcreased forage
and grain yields, generally the components and their respective dry
matter contents remained in the same relative proportions.
2. Population Effects on Plant Components
Plant population had a small but significant effect on percentage of
green leaves of the entire plant. The leaf component at the 25,000-
plant population was 0.9 percent higher than that of the 15,000-plant
population. However, there was a significant increase in percentage of
dry leaves and in the dry matter content of leaves with each plant
population increase over the 15,000-plant population. The magnitude of
the differences in percentage of dry leaves and in the dry matter content
of the leaves increased as plant population increased.
The increase in percentage of leaves on a dry basis as plant popula-
tion increased was probably a result of the effect of plant population on
percent dry matter. The higher dry matter content of leaves at the
higher plant populations indicates the increased interplant competition
for water, plant nutrients, and sunlight. These factors, coupled with
possibly a higher humidity at the leaf surfaces, may have decreased the
turgidity of plant cells in the leaves, resulting in a relatively higher dry
matter content of the leaves.
Percentage of stems on a green basis increased significantly at the
20,000- over the 15,000-plant population, and at the 30,000- over the
20,000-plant population. On a dry basis, stems were significandy higher
at the 25,000- and 30,000-plant populations over the 15,000- and 20,000-
plant populations. Dry matter content in stems generally increased with
increased plant population. Stems of corn plants have the capacity to
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adjust in stem diameter depending on population density. Thus, the
higher the plant population per unit area, the smaller the diameter of
the stems. Consequently, the percentage of stems changed little relative
to plant population.
The percentage of husks on a green and a dry basis decreased sig-
nificantly as plant population increased from 15,000 through 25,000
plants per acre (Table 6). Dry matter content of husks increased signifi-
cantly only at the 30,000-plant population over the 15,000- and 25,000-
plant populations (Table 7). Ear size decreases as plant population per
unit area increases, so apparently percentage of husks varied propor-
tionately relative to ear size in plant populations from 15,000 through
25,000 plants per acre.
There was no significant mean effect of population density on the
percentage of ears on a green basis, or on dry matter content of the ears.
Although measurements of ear size were not taken in this study,
probably ear size decreased proportionately relative to ear numbers and
plant population density per unit area. Apparently, rate of maturity of
the ears and dry matter accumulation in the grain were not altered by
changes in plant population. As the population increased from 20,000
plants per acre to 30,000 plants per acre, the percentage of dry cobs
decreased significantly. A 0.8 percent total decrease in cobs occurred be-
tween the lowest and the highest plant population.
The grain content was numerically highest at the 20,000-plant pop-
ulation. This component was significantly higher at the 15,000- and
20,000-plant populations over that in the 30,000-plant population.
3. Hybrid Effects on Plant Components
There were no significant differences in percentage of leaves on either
a green or dry basis due to hybrid. However, the percent dry matter in
the leaves of Funk G-4949 was significandy higher by 2.0 percent than
was that in the leaves of Pioneer 3009.
The percentages of green and dry stems were significantly lower in
Pioneer 3009 than in either Coker 71 or Funk G-4949. The percentage
difference in stems between these hybrids was greater on a dry basis than
on a green basis. There were no differences in percentage of stems on
the green or dry basis between Coker 71 and Funk G-4949. The widest
difference in dry matter content of stems occurred between Funk G-4949
and Pioneer 3009, the latter being lower by 3.5 percent. Coker 71
was intermediate in percent dry matter of the stems.
Significant differences occurred in percentage of husks on both the
green and the dry basis, and in percent dry matter among hybrids.
The percentage of husks was lowest in plants from Funk G-4949 on the
green basis and from Funk G-4949 and Coker 71 on the dry basis. Husks
of Coker 71 had a lower dry matter content than those of Funk G-4949
and Pioneer 3009.
Pioneer 3009 was highest in percentage of ears, followed by Funk
G-4949 and Coker 71. However, in dry matter content in ears, the rank-
11
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ing of the hybrids from highest to lowest in numerical values was Funk
G-4949, Coker 71, and Pioneer 3009. Significant differences in dry cob
percentages were noted among hybrids. Cob content in plants from
Pioneer 3009 was 3.0 percent greater than that from Funk G-4949.
The percentage of grain in Funk G-4949 was significantly higher
than that in Pioneer 3009. A negative relationship between cob content
and grain content among the hybrids was detected in the data.
These results indicate that the most valuable component of corn
for silage
—
grain—remained at about one-third of the entire plant re-
gardless of the level of applied nitrogen, population density, or hybrid
utilized. It should be mentioned, however, that the mean percentage of
grain in the crop was reduced by significant amounts as plant population
increased.
Two plant components, leaves and stems, contributed approximately
equal amounts to the crop yield, about 30.0 percent and 23.0 percent
on a green and a dry weight basis, respectively. Population density and
hybrid tended to influence the mean percentage of stems to a greater
extent than they did the mean percentage of leaves. Husks and cobs each
made up about 10.0 percent of the crop yield.
The mean dry matter content of the ear component was slightly more
than 50.0 percent. Hybrid was the only treatment variable that appre-
ciably influenced dry matter content of ears. A significant interaction
between years and hybrid suggests a differential response of hybrid in
the 1971-72 seasons of this experiment with regard to percent dry matter
in the ears.
Mean dry matter percentages of the leaves and husks were slightly
higher than the mean dry matter percentage of the stems. This illustrates
Table 7.—Mean effects of nitrogen rates, plant populations, and hybrids
on dry matter content of plant components in corn for silage, 1971-72
Percent dry matter
Main factors Leaves Stems Husks Ears
Nitrogen
100 lbs/a 26.4 a 23.9 a 28.1 a 50.9 a
200 lbs/a 27.2 a 23.2 a 27.9 a 51.9 b
300 lbs/a 26.7 a 23.2 a 28.0 a 51.3 ab
Population
15,000/a 24.4 a 22.7 a 26.9 a 51.6a
20,000/a 25.8 b 23.1 ab 27.9 ab 51.9a
25,000/a 27.3 c 23.9 be 27.6 a 51.2a
30,000/a 29.6 d 24.0 c 29.5 b 50.9 a
Hybrid
Pioneer 3009 26.0 a 21.7 a 29.3 b 49.4 a
Coker 7 1 26.4 a 23.4 b 25.0 a 51.8 b
Funk G-4949 28.0 b 25.2 c 29.6 b 52.9 c
Coef. of var. 14.4 9.9 16.2 6.2
Values followed by the same letter in columns are not significantly different at P < .05.
13
the fact that the stems had a higher moisture content at the time of
harvest than did the leaves or husks. Both population density and hybrid
affected the mean dry matter percentages of leaves, husks, and stems.
However, the level of applied nitrogen did not influence dry matter
content of these three components. The failure of applied nitrogen
levels to affect the dry matter content of leaves, stems, and husks was
unexpected.
II. Quality Measurements
A. Entire Plant and Plant Components
Plant cells may be broken down into two basic fractions, that is, cell
content and cell wall constituents (CWC). Cell content is considered
98 percent digestible and is acted on by the animal enzymatic system.
The CWC include the fibrous portion that is acted on by the enzymatic
systems and rumen microflora. Acid detergent fiber (ADF) is fraction-
ated from the CWC. Cellulose and lignin values, composing the total fiber,
more closely approximate the ADF values than do crude fiber values.
Thus, researchers strive to find management practices that increase the
digestibility of the fiber fraction, and/or increase the cell content.
An artificial-rumen laboratory procedure was used to provide a rela-
tive measure of the in vitro digestible dry matter (DDM) of forage.
Crude protein, another quality component studied, includes true pro-
tein and a vast array of nitrogenous compounds in the plant. Rummant
animals can, through the enzymatic processes of the rumen microflora
converting the nitrogenous compounds to protein, utilize true protein
in addition to the converted protein.
Mean percentages of CWC, ADF, DDM, and crude protein in the
entire plant as well as in the plant components are presented in Tables 8
and 9 for rates of applied nitrogen, plant populations, and hybrids, over
1971-72. Mean percentages of DDM in the entire plant and crude protein
in the entire plant and in the grain component for hybrids over
nitrogen rates and populations for 1970 are shown in Table 10.
1 . Nitrogen Effects on Quality
Nitrogen levels, as an average over plant populations and hybrids,
had no significant effect on CWC in the entire plant, stems, husks, and
cobs (Table 8). This indicates, also, that changes in nitrogen rates did
not alter the percentage of the highly digestible cell content. A significant
decrease in CWC of leaves was noted at the 200-pound nitrogen rate as
compared with the 100-pound rate. However, the CWC of leaves at the
300-pound rate of nitrogen was not significantly different from that at
the 100- and 200-pound rates (Table 8).
There was a significant decrease in the percentage of ADF in the
entire plant at the 200-pound rate of nitrogen over the 100-pound rate.
A significant decrease was noted in the percentage of ADF in leaves at
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the 300-pound rate over the 100-pound rate of nitrogen. However, the
200-pound rate of nitrogen resulted in a significant increase in the ADF
of husks over both the 100- and 300-pound rates. Changes in nitrogen
rates did not affect the ADF in stems and cobs.
The in vitro digestible dry matter (DDM) percentage of the entire
plant and stems was significantly increased at the 200-pound rate of
nitrogen over the 100-pound rate (Table 9). The DDM in leaves and in
husks was unaffected by changes in nitrogen rate. The cob DDM, how-
ever, was significantly lower at the 200-pound rate compared with the
other rates tested.
Crude protein content in the entire plant, and in all plant compo-
nents except the cob, was significantly affected by rate of applied nitrogen
(Table 9). There was a linear increase in protein content of the entire
plant, leaves, stems, and grain as nitrogen rates increased. The largest
increase in protein percentage in the leaves due to nitrogen rates occurred
between the 100- and 300-pound increments. Within each nitrogen rate,
the percent crude protein in the leaves was numerically higher than
that in the grain. Protein content in the husks was significantly lower
at the 100-pound rate of nitrogen than at the two higher rates, with no
difference between the 200- and 300-pound rates.
2. Population Effects on Quality
Population, as an average over levels of applied nitrogen and hybrids,
had a significant effect on percent CWC in the entire plant and in the
leaves, stems, husks, and cobs. The significant increase in CWC in the
entire plant occurred at the 30,000-plant population over the 15,000-
plant population. Since grain was included in the entire plant, and since
grain is relatively high in cell content, the effect of plant population
on grain content may account for the resultant CWC percentages. It was
pointed out earlier that grain content was significantly decreased at the
higher plant population levels.
The CWC percentage in leaves was significantly lower at the 15,000-
plant population than at the other three populations, with no differences
detected between the latter. The CWC content in stems increased signifi-
cantly at the 25,000- over the 20,000-plant population. Although CWC in
husks increased with each increase in plant population, a significant
difference only occurred between the 15,000-plant population and the
25,000- and 30,000-plant populations. The increase in CWC in the cobs
was consistent with each increase in plant population except at the
30,000-plant population. Although CWC in cobs at the 30,000-plant popu-
lation was not significantly different from that at the 15,000-plant
population level, it was numerically lower.
Population had a significant effect on ADF in the entire plant and
the plant components (Table 8). The ADF in the entire plants and in
the leaves generally increased as population increased. However, plant
population had an inconsistent effect on the ADF content in stems,
husks, and cobs.
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The in vitro DDM decreased in the entire plant, leaves, and stems as
plant population increased, whereas the DDM of husks increased.
Changes in plant population did not significantly alter the DDM in cobs.
Increasing the plant population had a significant effect of decreasing
the crude protein level in the entire plant, the leaves, husks, and grain
but not in the stems and cobs. The differences in the crude protein
content of these measurements, where significant, were relatively small
and not considered to be of practical importance.
3. Hybrid Effects on Quality
Hybrids, as an average over nitrogen rates and population densities,
differed significantly in the percentages of CWC in the leaves, stems, and
husks but not in the entire plant. Leaves of Pioneer 3009 were signifi-
cantly higher in CWC than leaves of both Coker 71 and Funk G-4949. The
percentage ofCWC in the stems and in the husks was significantly different
among all three hybrids, although the rankings of the values for the
two components were not the same as for CWC. Comparatively, the
percentage of CWC was lowest in stems and intermediate in husks for
Funk G-4949, whereas CWC in stems and husks of Coker 71 ranked high-
est and lowest, respectively. Although there were no differences among
the hybrids in CWC in the entire plant, these data suggest that real
genetic differences in CWC exist in the leaves, stems, and husks.
There were significant differences among the hybrids in the percent-
ages of ADF in leaves, stems, husks, and cobs but no difference in
the ADF percentage in the entire plant. Although the differences in the
numerical values of ADF measurements among hybrids were rela-
tively small and somewhat inconsistent, overall, ADF was lowest in
Funk G-4949, intermediate in Coker 71, and highest in Pioneer 3009.
The in vitro digestible dry matter (DDM) of the entire plant and
of leaves, stems, and cobs was significantly higher in Pioneer 3009 and in
Funk G-4949 over that in Coker 71. The DDM values of stems and cobs
were lower than those in leaves and husks by approximately 20.0 percent,
respectively.
Percentages of crude protein in the entire plant, husks, and grain
were significantly higher in Coker 71 than in Pioneer 3009 and Funk
G-4949. Crude protein contents were found in nearly equal amounts in
both the leaf and grain components of all three hybrids. Stems and
husks, averaged over all hybrids, contained about 4.0 percent crude pro-
tein, whereas approximately 3.0 percent was detected in cobs. The crude
protein level in the entire plant, a function of the protein percentage
in all plant components, would, of necessity, be intermediate between
the highest and lowest percentages in the components. Results of this
study show that percentage of protein in the entire plant was apparently
more closely related to protein content in the grain that it was to protein
levels in any of the other components.
As an average over all nitrogen levels, plant populations, and hybrids,
the CWC percentage in the various components was highest in cobs, inter-
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mediate in stems and husks, and lowest in leaves. However, the ADF
in husks ranked more nearly with that in leaves, and both of these
components were lower in ADF than were stems and cobs. The overall
mean values of DDM in the components indicate that a morphological
and chemical similarity exists between leaves and husks and between
stems and cobs. The fact that CWC content in husks ranked more
nearly with that in stems, but ADF content in husks was considerably
lower than that in stems, indicates perhaps a higher content of hemicellu-
lose in the husks. The ADF content in stems and cobs was approxi-
mately 45 percent, whereas that in leaves and husks was about 34
percent, and the entire plant was 29 percent. The grain component,
which contains about 5 percent fiber, diluted the ADF of the entire
plant below that of leaves, stems, husks, and cobs.
Determinations were not made on DDM of the grain component.
However, the DDM values obtained on the entire plant basis did involve
grain. The high level of digestibility of grain was reflected in the
DDM percentages of the entire plant of all the hybrids. The DDM values
of the entire plant exceeded the DDM percentages of each of the four
other components—leaves, stems, husks, and cobs. This was due to the
favorable contribution of the grain segment to DDM in the entire plant.
The effect of southern corn leaf blight in 1970 on DDM values
is evident in Table 10. The DDM values on the entire plant basis for
the hybrids averaged over all nitrogen rates and population densities were
lower by about 6.0 percent in 1970 than in the 1971-72 seasons. However,
the crude protein content in the entire plant and in the grain component
was slightly higher in the diseased year than in the seasons when the
blight was not prevalent.
Table 10.
—
In vitro digestible dry matter (DDM) and crude protein
in the entire plant and in the grain component of three corn hybrids
for silage as an average over 100, 200, and 300 pounds of nitrogen per
acre and 15,000, 20,000, 25,000, and 30,000 plants per acre, 1970
Percent DDM, Percent crude protein
Hybrid entire plant Entire plant Grain
Pioneer 3009 72.7 b 8.3 a 10.6 a
Coker 7
1
71.3 a 9.8 b 12.0 c
Funk G-4949 71.5ab 8.3 a 11.0 b
Values followed by the same letter in columns are not significantly different at P < .05.
III. Correlation Coefficients
Correlation coefficients involving certain variables measured in this
experiment are shown in Tables 1 1-14.
Green forage yield per acre was correlated in a positive direction with
dry forage yield per acre (Table 11). This reflects the high relationship
19
between the treatments that enhanced increased yield on a green and
dry basis. That is, at the stage of maturity the corn was harvested, the
treatments that produced highest green forage yield produced highest
dry forage yield. Generally, as pounds of green forage increased, the
percent dry matter of forage decreased. This relationship was small, as
evidenced by the low but significant correlation value. As the green forage
yield increased, the percent dry matter of leaves, stems, and husks
decreased. These data indicate that physiologic maturity in the plants
had not been obtained.
The high positive relationships between pounds of dry forage per acre
and percent dry matter of the entire plant and of the leaves, stems, husks,
and ears are indicative of continued growth of the plant components at
the hard-dough stage of maturity. Dry matter content of the ears
increased significantly as the dry matter content of the entire plant
increased. The dry matter content of stems and husks increased sig-
nificantly as that in the leaves increased, but there was no relationship
between the percent dry matter in leaves and ears. The dry matter
content of stems was significantly correlated in a positive manner with
that in husks and ears.
As the percentage of leaves on a dry basis decreased, pounds of grain
per acre increased, implying that the treatments which decreased the
leaf percentage increased grain yield per acre (Table 12). This indicates
that the leaves of plants in treatments that decreased the dry leaf
percentage were more efficient in the processes of grain production than
were those in treatments that enhanced dry leaf percentage. The relation-
ship of dry stem percentage to grain percentage was similar to that of
leaves to grain. The high negative relationship of dry cob percentage to
shelling percentage was probably a result of the method by which shell-
ing percentage was determined.
Only a few of the correlation coefficients reported in Table 13,
although statistically significant, were large enough to be considered
important. Percentage of ADF in the entire plant and in leaves and
stems was a better indicator of DDM than was CWC. The CWC of husks
and cobs best indicated the DDM of these components, although these
relationships were low.
The data in Table 14 indicate that the crude protein content in
the entire plant was more nearly related to the crude protein content
in the grain than to that in any of the other plant components. The
protein content in the grain component was related more nearly to the
protein in stems and husks than to that in the leaves and cobs. This
does not contradict the fact that crude protein content in the grain and
leaves was approximately the same, and that in the stems, husks, and
cobs was approximately the same. It indicates that when main factors,
namely nitrogen level and hybrid, altered the crude protein in the grain
component, the crude protein in stems and husks was altered more
so than that in leaves and cobs.
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Table 13.—Correlation coefficients between cell wall constituents (CWC),
acid detergent fiber (ADF), and in vitro digestible dry matter (DDM)
in the entire corn plant and in plant components of corn for silage,
1971-72
% CWC entire plant
% CWC leaves
% CWC stems
%CWC husks
% CWC cobs
% ADF entire plant
% ADF leaves
% ADF stems
% ADF husks
% ADF cobs
% DDM entire plant
% DDM leaves
% DDM stems
% DDM husks
Percent in vitro digestible dry matter (DDM)
Entire
plant
24**
.02
-.14*
-.14*
.03
-.46**
-.12
-.05
.09
-.01
Leaves
-.07
-.18**
-.08
-.09
-.05
20**
-.38**
.08
.02
-.05
2 J**
Stems
-.07
.12
-.40**
-.17*
-.04
-.04
-.03
-.39**
-.08
-.03
2 J**
Husks
05
29**
16*
14*
01
15*
15*
13
11
03
12
16*
49**
Cobs
.03
-.15*
-.09
22**
-.03
-.08
-.06
-.08
.23**
-.04
-.13
-.16*
-.31**
-.53**
^Significant at P < .05. **Significant at P < .01.
Table 14.—Correlation coefficients between crude protein percentages
in the entire corn plant and in plant components of corn for silage,
1971-72
Percent protein
Leaves Stems Husks Cobs Grain^
% Protein entire plant
% Protein leaves
% Protein stems
% Protein husks
% Protein cobs
.17* .33**
.11
.30**
.01
.36**
.07
-.26**
22**
.26**
42**
-.03
.49**
.20*
*Significant at P < .05. **Significant at P < .01.
M972 only.
SUMMARY
Significantly higher total forage and grain yields occurred at the
200-pound per acre rate of nitrogen as compared with the 100-pound
rate. There was no increase in forage or grain yields at the 300-pound
rate of nitrogen over the 200-pound rate. Nitrogen rates had little effect
on percentage of components of the plants or on the quality measure-
ments of the components. Crude protein content, however, did general-
ly increase with increased rates of nitrogen.
Total forage yields were significantly higher at the 20,000-plant
population than they were at the 15,000-plant population. There were
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no yield differences between the 20,000-, 25,000-, and 30,000-plant
populations. Grain yield was significantly higher at the 20,000-plant
population than it was at the 15,000-plant population. There was no
grain yield difference between the 20,000-plant population and the higher
populations. As plant population increased, percentages of leaves and
stems increased, whereas percentages of husks, ears, cobs, and grain
tended to decrease. Generally, the dry matter content of the plant
components, with the exception of ears, increased with increased popu-
lation. Cell wall constituents (CWC) and acid detergent fiber (ADF) in
the entire plant and in most plant components increased as plant
population increased. Dry matter digestibility of the entire plant and
of plant component leaves and stems decreased slightly as population
density increased, whereas the DDM of husks increased with increased
population levels. Protein content of the entire plant and of most plant
components was slightly lower at the denser stands.
Pioneer 3009 yielded highest on a green forage basis and lowest on a
dry forage basis. Funk G-4949 yielded highest on a dry forage basis. This
reversal in yield rankings on green and dry forage bases was accounted for
primarily by the differences in dry matter content of the forage among
hybrids at the time of harvest, although all hybrids were harvested at
the same apparent stage of maturity. Funk G-4949 was significantly higher
in grain yield and in shelling percentage than the two other hybrids.
There were greater differences among hybrids in the percentage of plant
components on a dry basis than on a green basis. Differences among
hybrids in quality properties of the entire plant and the leaf component
were generally small although some significant differences involving DDM
and crude protein did exist. Also, the hybrids differed slightly in
quality determinations of the stems, husks, and cobs.
Total dry forage, percent dry matter, and grain yield were affected
more by hybrid than by population density and nitrogen level. Percent-
ages of plant components were altered more by plant population and
hybrid than by nitrogen rate.
Forage and grain yields and the DDM of the entire plant were
lower in 1970 than in the 1971-72 seasons. The decreases noted in 1970
were due, apparently, to the effect of infestation by southern corn leaf
blight.
As green forage yield increased, the percent dry matter of leaves,
stems, and husks decreased. However, as dry forage yield increased, the
percent dry matter of these components increased. The data indicate
that with the hybrids tested, high grain yields necessitate high forage
yields. Treatment combinations that resulted in lower percentage of
dry leaves also produced more grain. Significant differences in DDM
values were detected, and generally ADF was a better predictor of DDM
than was CWC.
Treatment effects on changes in crude protein content in grain were
more closely related to the crude protein changes in stems and husks
than in leaves and cobs. However, crude protein in the leaves and the
23
grain accounted for most of the crude protein in the entire plant.
These results suggest the need for ' developing corn hybrids char-
acterized by high grain potential, leafy plants, dense husks, small stems,
and small cobs. It appears that by selecting the corn hybrid with the
highest grain yield, and by using the production practices that maximize
grain yield, the silage producer should expect a satisfactory tonnage
of high quality feed.
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